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Muonic data, on the other hand, determine one
“intcgra~ quantity like the Barrett radial moment
<rk~-ar> of the nucle?r char~le distrlbutlon(l~). As
an example for Ni, 2=28, k~2,12 and ~~0,076 fr”-l.
The precision of the muonic data is alnost 5-10
tiffiCSbetter compared with elastic electron scatte-
rin9 radii, To compare these results with optical
isotope shift data,one needs the radial moments
<rn>l/n with n.2,4,6. A combination of f21eCtrOn

scattering data with the muonlc X-ray measurements
allOWS one to determine the even rad;al moments
with a}mJst the same precision as the Barrett ra-
dius. With the knowlec!rjcof these radial m,rments
from three isotGpes it 1s possible to extra~t the
two constants of the optical ,sotope shift mea$ure-
mcnts: the density of the electron at the nucleus
and the Spcclfic ma$s shift,

With an absolute calibration cf these two op-
tical constan!t,the absolute values of the R!4S-ra-
dii of long chairs of OPCICJ1 isctopc snlft n:cd>~-
remenls fronl the off stahllity rcg)on arc avail-
able: c,y, }lg, Ba, Rb, Cs a.s.o. ,

The results of tht,sc thrco methods can t,o in-
terpreted enflrp]y ~fl the t)~$:s of C]cctro?.)rjnptlc

lntE’raCtiOn and ex.hlhlt; ther~fore, the fu]}owlng
ddvanttgt’s c~lst:

2pwhere Vb (r) and V!,s(r) are the potentials genera-
ted by t!le2p and IS bound muons, respcc”Lively.

To extract a “m~del indepenc!?nt” radius, tb,c
procedure proposed by Barrett(l[}) has been used.
Barrett has shown that the potential dl’ference in
eq, (3) can be approximjtcd by

v2P.v~s , A+Rrke-~r
Uv

(3)

which demonstrates that the quantity

~rke-ar k ‘~rd~~=~p(r)r e (4)

)’*::(’0, $,,)tt”1?((//, (6)



described in detail by B. Drehcr et al.(9).

The 350 MeV cx~cr~mental electron scattering
setup of the F’alnT University hds the followlng
facil it its: IIIorder to mcJsu~L ~mal 1 ctlarqc dis-
tribution diffcrcnc.s of is.otcpcs or l<otorl~,<,,the
tiir~ets arc r’ju!’,trdnn a w’IIw-11,which d]lcw> a fast
autcmtic targ~,t chang This nl,~tl,udrcduc,~ mu~t
of the ehperlm~l]tal unccrtalnt}us tu beliti trlt~ le-
vel of the statlsticJl crror(l:).

The intensity of the lncidcnt elcctl.on bt~am
is monitored by a fcrrltc-transfnrm,ri IL,lb} ~nd a
Farad~y-cu). F,t the saw tlm,~ seccnd flx~d an~lc,
spcctron?tcr n,~nlto~:,tl,cproduct of rlcctron current
and targct!hl,~.1’,t,!,s.lhr rcsul?lng accuracy for
charge d}strlhutlon rllffercnces can hr seen \n
Fig, 12.

The rrlativc contrit,~jtion Of the hiqhcr radial

moments <r4>1/~ and cr~>l/b 1s plotted In fig. Z,

/
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5. Results, $ystematics and Intcrprrtation. ..— Fig.4 results in an almost linear decrease in t.c
successive isotope shifts.of Differcnccs of RMS RJdii—-

b) Furthermore, it is apparent that the isotope
shifts arc independent of thr proton :onfi~u-
ration of the nucleus involvcd,(c.g. the 5~fe-5$e
and 6Qtl-Wii isotoFa shifts are idc’ntical witnln
the e~perln’mr, tal uncertain ties ).k!c f~n(! this bu -
havious quitu rer3rkablc,partiLularly in the view
that the protnn cur,figu-dtion of Ni is mtigic
2=28. At the cmd of the lf7/2sncll and :I,e lggj2
shcll,one observes that the radius bcco?es
smaller upfaan addition of two neutrons o.g,
48Ca.46Ca the R!~~ radi~s bccor”?s 2CI.lLl-3Tm $:611w,
The same can hc seen for the Sr, Rb and tr-lsGtc-
Pes. By adding four tiws in zeaucncc two neutrons
to fill the 199/7 sr1ell ,thc RYS radius of ‘:ttKr -
isotopes is 5ecomlnq always smaller. In tte ?dj,/2

.uhshcll a decrease of the radius by adding tht
l~st two r,rti!rons dues not occur.

5.1 IsOtWc >hifts,—— -—-—-

‘ . aim of this experiment has been to study
systematic of differences of R!IS-radii for

.,otopes and isotoncs. Results for Fe, Ni, Cu and
Zn isotopes have been already putllishcd(5,6).
These measururmnts were exttnded to the lt7/2s~~~~l
nuclei(7). the nuclcl near the closc~ Ns50
and tk ii~56 subshc
Fig. 4 where the di’
isotopes from Ca to

l(h). The resu;ts are shown in
fcrc-nccs in the R!S-radii of
NO for J.N:2 arc plotted.

.
c)

d)

In

A sJddcr, increase in the isot~pc shifts octurs dt
N D 20,28,LI0 and 56,

---- ---
;(

/. .

at
. .—-— --

At the bcqinning of a ncw neutron ;hcll,tk,c lnc~-
pcnd~vlce of trc prc.tcn c .?flquratiGr, !S str(,r,qcr

comllJrcc!to the tnd of trlcnq~trun >l-Ic I1,

thr follaw;ng figurcl (5-9)
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D~Jcrcnccs in !hclcar Churgc Radii
upon Atirlition n~ tl~m .Vrvft~n~
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Here the z-independence of the change i:l the
RI&radii seems to bc less pronounced compared to
the beginning of the neutron shell. The iivcragc
value br ●ach elencnt - as Indicated at the left
side of rig. 10 - shows a systematic tenaency that
the ARM-radius becoms smaller with increasing Z.

S.2 Isotonc shifts

The sequential addition of proton pairs after
Ca (Z~ZO) and Ni (2:28), shown in Fig. 11 r@sults
In an alnmt linear decrease in the successive
Isotone Shtfts.
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5.3

are

Comparison of isotone and isotope shifts and_——. .— ..-—. —..

core polarisation effects

lsotone shifts, in contrast to isotope shifts,
dominated by tne charqe of the addzd protons.

Thus. before isGtoDe- and isotone-shift data can be

compared on an equivalent basis, the charge dis-
tribution of the added protons must first bc con-
sidered. Elastic electron scattering experiments
-Fig. 12- have showr? that the radial dependence of
Ap(r) between lf7 2-shell isotor,es is well descri-
bed by lf~j~-shel{ harmonic oscillator wave func-
tions. As a zeroth-order approximat”,on, we tkere-
fore calculated a sot of !fllz-shell isotone shifts
considering only the chargt’ distribution of t~+e
added protons [n Fig. 15 the experimL’ntal lSotone
shifts are ccn~ared with J harrwnic o$z}llator shell
model calculation.
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5.3 Comparison of isotone and isotope shifts and

core polarisation effects

ISotone shifts, in contrast to isotope shifts,
are dominated by the charge of the added protons.
Thus, befort isotope- and isotone-shift data can be
compared on an equivalent basis, the charge dis-
tribution of the added protons must first bc con-
sidered. Elastic electron scattering experiments
-Fig. 12- have shown that the radial dependence of
ho(r) between lf 2-shell isotor,es is well de$r.ri-
bed by lf~/2-she~{ harmonic OScill~LOr wave func-
tiOnS. AS a ieroth-order approximation, wr there-
fore calculated a SCL of lf7/2-shell isotone shifts
considering only the charge distribution of ttie
tddcd protons In Fi9. 15 the experimental isotone
shifts are compared with a harnonic oszillat~r shell
nmdel calculation.
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This may be called the “normal” odd-even stag?cr~nq
●ffect.Rc”ehal and Sorcr,son predict smdllcr ccfjr-
mations for odd then for even lsstopcs, because
ground state corrclatlcns arc tIIGchtId :,y t~nt
unpJircd rlticlcon(!:;). In? arrow In Flg.l(J ~ndlcatcs
~ic~iiiction from smaller to laryrr increJsu of tnr
RftS-radlu>.in ~ig.17,th.,: isotc~)r cdd-~~c’l? st.lrl:rrlng
around Ii:?? thows for ‘4.”?S a “norndl” cffrc!. The
isotonc effect is “norr:.1~” bclc+ 7=2t!,LI_L for Z.~S
the first Protm ($JCd-t~:ii) ylclds a!mst the S.ITC
incrcaso of the Rh!S-rJdlu! as Llw SCCOnd Pl”~~dll

(6~in.6~Cu] in thu nu,: ?:.IT,~ protcn shcl!. Ihu C3

isotvpr shift in the fir>~” half of tho If;;/ $hcll
is “norn.ii”, whoruas III the src~tld !lJlf U! thl’
lf7/~ Shell the cl a,ld 11 ;hlft~ for the, flr<t
addi,d !,rtitrc,n (4~iJ-G4CJi ‘711--011) IS ldl”~~l” in
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5.5. Differences of charge distributions and de-

formation ●ffects

From the Fe. Ni and Zn char9~ di~trit.utfons
amsured by elastic electron scattering one can
deduce the change in the half-density radius AC
snd the change in the nuclear shin thickness At.
The result in rig: 18 shows that :C is alnwst con-
stant whereas :t 15 decreasing if the neutron shell
Is more and nmre filled with neutrons.
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